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Memorandum of Understanding
The following concur in the terms of thes Memorandum of Understanding,

between =
—_— ) N
US Universities & Accelerator Laboratories WM Ao
3 -~ =
an PTmAna Oddone, Dirsctor, FNAL — Vinod C. Sahni, Director, CAT .
Indian Universities & Accelerator Laboratories Fis s " 5 3
E /T4 X Moxch. T, 006
concerning Dote g 4 i Mo
Collaboration on R&D for Various Accelerator Physics and High ( . 29
Energy Physics Projects NN (/X .
January 9, 2006 |l.¢‘.il1/;n:‘| Dottan, Darectoe, SLAC Bekash Sinba, Director, VECC
M IETT N, ad Bt
1. Introduction 1/25/9b _ Mard 9, 2006

L1 General Description

Ths Memaorandum of Understanding (MOU) establishes a  collabocation
framework between various US and Indian Accelerator Labaratocies and
Universities, bereinafter referred to as the *Parties™, to pursue coordinated R&D in
areas of mutual interest pertaining to acceleratar and high energy physics projects
This agreement between the Pasties is made to further the objectives of any
existing rational and intemational collaborations, and shall mot alter those
callabocations. This MOL betsween the Parties is not a Jegal contractual obligatian
on the part of any of the institutions that are a party to the agreement

AT g
2 OPver ey NN

Maury [ligner, D .’x'f\vr,] ewman Lab  S. Bhattacharya, Director, TIFF

12 Objective / Aowi 17,2003

Date | e
The objective of this MOU is to document the terms under which work of the 3 / e

Parties is to be performed. N
Galamsan o ay

1.3 Scope 7 Bareriee, Directar, BARC

This MOU covers woek to be performed by the Parties in the furtherance of the Maveh 14, 2006

goals of the collaborations and the specific R&D tasks within the topks of Date ] Date

collabaration ' ™
Feh St

14 Initial List of Participating Institations " Doepukfental Vice Chancellar, DU

The following is a list of the Institutions that are a party to the collaboration. The - Abed 10, Sovb

Partics agree that after mutual consultation, they wou d favorably coesider Diate Date ¢ '

admitting new partner institutions from the USA and India who want to
contribute towards the objective of this Agreement
8 QLG

| 010906
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N Farmi National Accelerator Laboratory
ﬁ Fermilab P.0. Box 500 » Batavan, IL e 60510-0500
£30-840-3211 (phona)
630-840-2900 (tax)

Dirsctor’s Oftice

November 08, 2009

Prof. Brajesh Chandra Choudhary
Department of Physics & Astrophysics
Universaty of Delh:

Delhi - 110007, India

Prof. Sanjib Mishra

Department of Physics and Astromony
University of South Carolina
Columbia, SC- 29208

Dear Prof. Choudhary and Prof. Mishra,

Fermilab's program for the next decade includes investigation of physics at the intensity frontier
while vigorously participsting in energy frontier physses a1 LHC and the cosmac frontier. With
the energy frontier moving from the Fermilab-Tevatron to the CERN-LHC, a significant fraction
of our Indian collaborators will shift to LHC.

Scientists from US and Indian institutions have been collaborating on high energy physics
experiments a1 Fermilab since 1985. Together we have made valuable contributions to the
Fermilab program. Recently we have developed strong accelerator collaboration with the Indian
Department of Atomic Energy laboratories. This collaboration is making considerable progress
1n contributing to the proposed Project-X R&D and SRF infrastructure. We have been exploring
the possibilities of expanding this collaboration to the intensity frontier physics at Fermilab, 1
would like to seek your help, as a member of neutrino experiments at Fermilab and with ties to
physics community in India, in establishing neutrino collaboration with Indian institutions.

1 am requesting you to work with Shekhar Mishra, Fermilab, in developing this collaboration,
While working with the management of the respective Fermilab experiments, you would serve as
the Technical Project Managers for the work that would be carried by Indian institutions
collaboration.

Thank you,

Sincerely,

icrmaria J. Oddone,
Laboratory Director

Fuery Mathonst Aceeberstor Ludorubory | Kk Mows and Proe Sseet (910, Son 500/ Butkotn. L 00510 / 530,80 3000 | www v g | brmobaty @l oo
T, Otics of Scierce (U5 Depanrsent of Gawgy / Naseged by Fernd esessch Alerce, LC
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The following concur on the terms of this Memorandum of Understanding Addendum:

ADDENDUM sy : A ,.,,
Pty ML Ra/aad /fz’g«_w» o=/ 1)o7

to the y
Dr.AmitRoy  Date Dr. Piermaria Oddone Date
Memorandum of Understanding Director Director,
between IUAC Fermilab
US Universities & Accelerator Laboratories
and ”
. . aas 1
Indian Universities & Accelerator Laboratories P s
N - 20
concerning Lv rWALLL ﬁ ’ =2S 4”"_,4” 4 3’/’ 4
Collaboration on R&D for Accelerator Physics and High Energy Physics “Dr. Vinod Sahn Date Dr. Shekhar Mishra, Date
Projects Collabaration Coordinator Collaboration Coordinatar,
DAE, India Fermilab
Addendum' IV: “US and Indian Institutions Collaboration on Neutrino
Physics, Related Experiments and Detector Development.”
Nov 10, IS - A ) P = )
or 10, 2009 B0 el Jonwewy L of 4 9. Méw. 09
1. Authority and Limitations Prof. Brajesh Choudhary, Date ™ ZProf. Sanjib Mishra Date
, Technical Project Manager Technical Project Manager
Pursuant to the Memorandum of Understanding (“MOU") between the US. University of Delhi, India University of South Carolina, Columbia

Universities & Accelerator Laboratories and Indian Universities & Accelerator

La'(\nv.alurim datled ]am:;:r)' 9, 2006, Fermilab and Indian Accelerator Laboratories {the
arties”) Intend to undertake the work described ¢ A » Parties
kol b i ok sl o e s +'33#1'=#467&)6%4"$4'6%U&
of the » the terms and conditions of t e o S 3 Ograms, 3
subject to the availability of .\PP;L‘P:I:h:i f\l:\:;: :::::\.:‘l\dln“:gk:;;; ‘][jlil-l)"::x::msl":‘e\j I\ﬂ 9#6#:#%&W267$&N 6205:%2" M B&X#:#6#%2&
does not create a legal, contractual obligation for either Party nor may form the basis of
a claim for reliance thereon. The Parties agree to comport their activities under
— " 1
including those related to export control J\y N 6205_%2 M & (&P53 L2 B&P53 L2&
2. Introduction \\ﬁ ))ZS MR#L#
addresses two key areas of collaboration mentioned in the 1 MOU. These are: )
N Py, a5 Delpmen of Now o o b CV #6KH#IBNGE205=%2"MB&+L#6727#=L&
erms and conditions under which the work will be carried out are found within the
—_ n

EV FAAAS&NG6205=%2"MB&FHARS,

_V W)B&a33#L#1#7&

IH\):.&

~p,
acknowledge and understand that their agreement with and signature to Addendum IV 1 n 1 !
GV+'YL26&N6205=%2"M&'(&!Y256Y5&/&Z5YLVB&['Y 2
Addendum IV in conformance with all applicable US, and Indian laws and regulations,
The work detailed in this document falls within the scope of the MOU cited above, It ]\A ))ZWB&WM75#1#7
main MOU.
N WM75=#1#7&N6205=%2"MB&WM75=#1#7&
6-7. June. 2013 BCC - LBNE & IIFC-nuP Working Meeting 4




6-7.

A Proposal by Indian Physicists to Collaborate on
Neutrino Projects at Fermilab

Venktesh Singhe

Banaras Hindu University, Varanasi — 221005, U.P., India

M. R. Anantharaman, V. C. Kuriakose, Ramesh Babu Thayyullathil*

Cochin University of Science and Technology, Kochi 682022, Kerala, India

Brajesh Choudhary*#, Suresh Kumar, Samit Kumar Mandal
University of Delhi, Delhi — 110007, India

Bipul Bhuyan*

Indian Institwe of Technology Guwahari, Guwahari — 781039, Assam, India

Anjan Giri*®
Indian Institute of Technology, Hyderabad Andhra Pradesh - 502205, India

Baba V.K.S. Potukuchi*®
University of Jammu, Jammu-Tawi, J&K State 18006, India

mbahs, Harikumar, R. Mohantha,
f Hyderabad, Hyderabad- 500046, India

ars, Ashok Kumar, Sandeep Sahijpal, Jasbir Singh
Panjab University, Chandigarh — 160 014, India

* Institutional Representative

# Technical Project Manager and SPOKESPERSON
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"1 *YEWE&'(&"L5&;f05=2A56"#3&!"$725%&g&*5=A23#1&

# | #=4Y20#"5&26&Y$==56"&65%$"=26'&5f05=2A56"%&

# 1 @5#%%=5A56"&'(&:5$"=26'&*35T&R 2" |- LNIPP.data will be the ONLY
empirical constraint on the neutrino-flux in present and future accelerator
experiments and help atmospheric as well as long-baseline neutrino
experiments make precision measurements

# 1 S#26&;f05=256Y5&R2"L&@):Q!&P5"5Y"'=&

$ | Use 5.4KTon magnetized Fe-Scintillator calorimeter; should prove useful
for future magnetized calorimeter such as ICAL at INO

$ | Measure the most precise value of atmospheric mixing parameter Am?,,

$ ! Learn to conduct v,—v, (0,5) search in a magnetized Fe calorimeter;
challenge is to find a small v,signal among large neutral current 7%

# | #=4Y20#"5&26&89:;,PN!:8&:5$"=26'&;f05=2 L5&A326&hI JHHE&[A

$ ! Search 6,; down to Sin?26,, = 0.003 or 0, less than 2 degrees

$ | Measure CP violation in the lepton sector

$ | Measure Mass Hierarchy for Neutrinos

"1 *Y$%&'(&"L5&P5"5Y"=&P5053'0A56"%&g&W'AS&
# 1&=5#"5875"5Y" =& IP&3#1%&#"&O#=2'$% & [GRE G DRHTI6r s,

Scintillators and Scintillating Crystal based Calorimetric studies)
6-7. June. 2013 BCC - LBNE & IIFC-nuP Working Meeting 6
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# | Z=#26267&'(&)'$6?&.LM%2Y2%"%U&L&@'%"&$%5($3&=5%'$=Y5&
($"$=5&L27L&565=?M&OLM%2Y %b6$Y 35#=& 0L BAit preépatdda"?=#
cadre of young graduate students, post-doctoral fellows, and junior faculty
for world class projects at home, eg, ICAL @ INO & other experiments.

# 1 1"#="&W;.&S="30%&#"&:5R &)6%4" $4x8midle — participation by - IIT
(Hyderabad), Univ. of Hyderabad, CUSAT and others.

# | W#67%& 6&;f05=256Y5&#"&&* 528334 BI0&F$%&26U&
Learning design of experiments

Fabrlcat'mg detectors - Scintillator (solid + liquid), LAr, Water Cherenkov
I Developing auxiliary system such as DAQ & gas distribution system
Maintain and operate experiments

Data analysis

Opportunity to work on MINOS — a mini ICAL

# | SR&P5"5Y"=&8#1%&#"&N6205=%245%&#67&26727?756'$%&"=#
A#60'R5=&&

6-7. June. 2013 BCC - LBNE & IIFC-nuP Working Meeting 7
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IM :5$"=26'&@QN&%27657&26&IIbGHH_V&&
GM&)6%4"$4'6%&K'2657&89:;&26&IGbGHH_V&)672#&I1=%"&Y'$6"=M
JVG&!"$756"%&D&!"6#A&M@)..NB& 2YLAEM@):Q!IN&Y#AS& ™" &*5=A2
IbDGHIHV&9"L&R233&%$1A2"&"L52=&"L5%2%&3#"5=&"L2%&M5:
\M GHII&D&aA#67550&!1267L&D&@)..&D&<'=>267&'6 &#6#3M%2%Db"L
M GHIG&D&:#0O#655"L&.&D&@):Q!0&,&<'=>267&'6&+#321=#4'6&
CVa33&"L5%5&('$=&%"$756"%&H#=5&($33M&%S$00'="57&1M&*5=A23
EVGHIH&D&QGE5&(#Y$3"M&Y#AS5&#%&26"5=6#4'6#3&(533'R&'6&@):
"V bGHIG&D&&E&)6%4"$4'6%&K'2657&:Q-a&
_V\bGHIJ&D&D&*2=%"&G&%"$756"%&'6&:Q-a&D&[V&: V&P550"L2&/
IHWF'$=&A'=5&%"$756"%&26&02053265&D&1IM&E ,"bGHIIV&
HIVIH&A'=5&8%"$756"%&#=5&"#>267& Y '$=%5%V&&
IG\E&A'=5&%"$756"%&™"&15&27564|57&1M& DGHIIV&
IIVF262%L&"L2%&0#="&'(&"L5&0="K5Y"&1M&GHIEV&a33&%"$756"%
*5=A23#1V&

6-7. June. 2013 BCC - LBNE & IIFC-nuP Working Meeting 8
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LBNE-INDIA

Proposal of Indian Institutions and Fermilab Collaboration for Participation in
the Long-Baseline Neutrino Experiment at Fermilab
( A Proposal to Design and Build a High-Resolution Near Detector

and to Contribute to the Liquid Argon Far Detector )

to

Edited by

Brajesh Choudhary, Raj Gandhi, Sanjib R. Mishra, Shekhar Mishra and James Strait

Indian Institutions and Fermilab Collaboration

12 December 2012

6-7. June. 2013 BLCL - LBNE & IIFC-nUP WoOrKing ivieeting 12
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O=#K5%L&+L'$7L#=MB&P53L2&N620V&
HK&SHGTL2B&W )&

FA%12=&!267LB& . #0K#1&N6205=%2"M&
X2026&9L#"6#?#=B& #0K#1&N6205=%2"M&

AS"&"L5&P!1Z&!ISY=5"#=M&('=&('=A#3&A55467?&#67&72%Y $%
3P6YLVE<#YE&H#Y>57&"&%NPLA2"&#&0="0'Y%#3&('=&r)6"5=&N!
+56"5=&26&.LM%2Y#3&!Y256Y5%S&R2"L26&&#&RS5>VE&ZLE
Y56"5=&2%&A#60'R5=&75053'0A56"&#67&#3%'&1$237&L#=
3#=75&0="K5Y"%V&89:;,:P&"&15&"L5&I=%"&3#=75&0="K5Y"§
Y56"5=V&.='0'%#3&%$1A2T5 /'&E6&EFH=ME&GCHIIV&&
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Inter University Center in Physical Science

Arun Grover,
Vice Chancellor, Panjab University

Dinesh Singh,
Vice Chancellor, University of Delhi

Piermaria Oddone,
Director, Fermilab, USA

Shekhar Mishra,
US Technical Coordinator, Discovery Science Collaboration

(For the Indian Institutions and Fermilab Collaboration*)

6-7. June. 2013 BCC - LBNE & IIFC-nuP Working Meeting 14
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<#%&HT702%57&('=&A'72IY#4'6%&#67&" &('=A#33M&Y%F1A
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Government of India

Department of Atomic Energy

Department of Science and Technology

Detailed Project Report (DPR) of XII Plan Project- R&D Sector
APEX PROJECTS under Mega Science Collaboration

Summary Sheet
1. Unit Consortium of Indian Institutions DAE and DST
2 Project Identification Code
3. Project Number followed at
Unit, if any
4 Major Programmeé&: Sub- Discovery Science and Detector Technology
programme
5. | Apex Project Title Indian Institutions and Fermilab Collaboration:
Experimental Physics Cooperation at the intensity frontier
6. Apex Project Coordinator/s 1. Shri. Chandra Kant Pithawa
(Name & Contact Details) Group Director
BARC.
Mumbati, India
Email: pithawa@barc.gov.in
2. Prof Brajesh Chandra Choudhary
Department of Physics & Astrophysics
University of Delhi, Delhi - 110007
Phone - +91-11-27667225 (X1431) (O)
Email: brajesh@fnal gov
3. Prof Raj Gandhi.
Harish-Chandra Research Institute, Allahabad
Phone - +91-532-2274304
Email: raj@hn res.in
4. Dr. Vipin Bhatnagar

[S4 51 5 [P TSI ST )

Department of Physics
Panjab University, Chandigarh
Phone - +91-172-2534463 (O)

.. Email: vipin@pu ac.in

Jt
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W#HO5&1556&8#%>57&"&WL'R&D="?=5%%&'6&89:;,:P&=53#"51
32>5&%5t67&$0&3#1&R2"L26&"L5&%#6Y4'657&?=#6"B&%2A
5"YV&26&)672#&1M&"L5&:"O5A15=GHIJ&))*+&A55467&26&@
75A'6%"=#4'6&'(&Y#0#1232"M&1$237267&%'&"L#"&($6726?&7
0="Y557&R2"L&%557&A'65M&('=&"L5&89:;,:P&#67&15& Y 'A('="
"L#"&2(&2"&%$00'="%&"L5&89:;,:P&($6726?B&R5&R233&15&
AHOT#"S&H#O67&T53205=&"L5&75"5Y"'=&26&4ASVEZL SME#H=5¢
%MAO#"L54YV&

&

7'8&=5#33M&1$237&"L5&89::,:P&26&)672#&R58&R233&6557&A
H678&AHB0'R5=&"LH#6&Y $==56"3M&R5&LH#O58#678&5%05Y 2#3;
26(=#%"=$Y"$=5&D&RL2YL&A'%"& (&"L5&N6205=%245%&3#
3#1%8&M5%05Y 2#33M&9a +N&" & 15&26Y'=0'=#"57&#67& Y #0#
15&7'658#"&"L5&N6205=%245%V&@'=5826"5=5%"57&26%4
#96>578""&KIZD&<Q'[):S&ZQ<a P!&)ZV&
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State or Union Territory

i : N 7}\
Afghanlsta“r:‘wI 2 ey 4
S : : China HRI A"ahabad

Pakistan yans : / ‘ : ' 11 (Guwahati

Jammu Univ.

Panjab Univ.

SINP, Kolkata

Delhi Univ. _ , BHU, Varanasi
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